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Abstract 
We perform molecular-dynamics calculations to study the structural transformation of an Au54Cu1 in its melting 
process within the framework of the embedded-atom method (EAM). The melting process of this cluster involves 
into three stages, firstly the Cu atom in surface of this cluster moves into inner regions accompanying with the 
structural transformation of the local atom packing, followed by the atoms continuously interchange their positions, 
and finally wholly disordered. During increasing the temperature, it is identified for the melting of this cluster from 
the structural changes of different regions determined by atom density profiles and pair distribution functions (PDFs). 
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1. Introduction 
Thermal stabilities of bimetallic alloy nanoclusters have been the subject of considerable interest 
during recent years due to their widespread applications in catalysis [1,2]. For these alloy clusters, most of 
the atoms are located on the surface. The substitution of one atom in a pure cluster with an atom of a 
different chemical species creates a chemical defect which may be associated with the structural changes. 
The changes of thermal stability are due to a combination of geometric and chemical effects. The 
concentration effect on the thermal stability of bimetallic alloys nanoclusters can be studied by different 
groups, and several studies have dealt with the effects on melting induced by the introduction of a single 
impurity into homogeneous clusters [3-6]. Nevertheless, for the Au-Cu alloy nanoclusters, the effect of 
single atom replacement of surface atoms of a homogeneous cluster on the thermal stability of the cluster 
is still poorly understood.  
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Gold and copper have similarities in chemistry, and they have been used in catalysis for a long time. 
Gold nanoparticle catalysts are used mainly in selective oxidation reactions and a broad range of organic 
transformations besides possessing in hydrogenation activity [7]. Copper nanoparticles are known to be 
active for the oxidation of alcohols to aldehydes [8]. Therefore, by mixing the two metals, Au-Cu 
bimetallic nanoclusters offer a way to finely tune catalytic properties of these two metals. Nevertheless, 
understanding their structural-thermal stability relationship is a difficulty task. Experiments have not 
allowed us to directly observe detailed structure changes of these small systems. Computational 
approaches based on empirical potentials, such as molecular dynamics (MD), are adequate to characterize 
microscopic details in these systems involving the combined behaviour of atom movements and locally 
structural rearrangements at atomic scale. For small size clusters, icosahedra (Ih) structures can be 
abundantly observed in lab observations and theory calculations, because it optimizes the surface energy 
exposing only compact (111) facets. The geometry of these small clusters culminates in complete 
icosahedra structures of so-called magic-numbered clusters, for example a Cu55 cluster [9]. The aim of 
this paper is to investigate structural changes of an Au54Cu1 cluster with one Cu atom on the surface of 
an Au cluster having icosahedral geometry on heating. How the local structural changes accompanying 
with the atom packing are demonstrated by pair distribution functions, atom density profiles, and atomic 
packing. 
2. Computational method 
In molecular dynamics runs, we adopt the embedded atom method (EAM) potential of Au and Cu 
constructed by Johnson [10] to describe the atom interaction, and atomic trajectories are generated in the 
canonical ensemble MD at the elevated temperatures. Throughout the runs, a time step of 1.6×10-15
second is used. The lattice constant a0 in the simulations is 3.615Å.  
Initially, we construct a 20 a0 ×20 a0 ×20 a0 bulk faced center cubic (FCC) Cu crystal, then one crystal 
fragment containing 55 atoms is extracted from the constructed FCC crystal. Periodic boundary 
conditions are used in the simulations. The extracted Cu cluster is relaxed at 50K, and the Cu55 cluster 
presents perfect icosahedra geometry. Then the 55 atoms in this copper cluster are replaced with fifty Au 
atoms. To obtain an Au54Cu1 cluster, one surface Au atom is replaced with one Cu atom for the cluster. 
The simulations are performed by starting with the cluster structure at 50K, and then the temperature is 
gradually increased at an increment of 50K to 1500K. At each temperature, the MD calculation runs 
100000 steps.  
In calculating the structural changes of this cluster, the following values are determined, 
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where < > denotes the average over the entire trajectory, g(r) is the pair distribution function(PDF), V the 
volume of the simulated MD cell, and N the atom number in this cell. The atom density profile ɋ(R) is 
calculated by dividing the system into some layers and accumulating a histogram of the number, Ni of 
atoms in each layer, where < Ni> is the average number of atoms in layer i, and R is taken as the centre of 
this layer. 
3. Results and Discussion
Figure 1 presents the PDFs of the simulated Au54Cu1 cluster at 400K, 500K, 600K, 700K, 900K, and 
1200K. As shown in this figure, at 400K, there exists one main peak as well as three peaks within the 
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range of 1.5a0, and the main peak of this PDF is far higher than the other peaks, suggesting that most of 
atom pairs are populated in this peak. For the studied cluster, besides these peaks within the range of 1.5a0,
other small peaks appear out of that range at 400K. These peaks decrease in height with increase of the 
temperature. These give us a suggestion that the structural changes have occurred. A noted phenomenon 
in Fig. 1 is that the second peak is becoming small at 500K. When the temperature is increased to 600K, 
the second peak disappears and the fourth peak becomes small, meanwhile the third peak is broadened. At 
700K, the fourth peak is becoming disappeared. As the temperature is increased further, the PDF of the 
Au54Cu1 cluster gradually presents disorder behavior. When the cluster is heated up above 900 K, the 
PDFs show liquid-like patterns including the disappeared second and fourth peaks as well as the 
broadened third peak, which is different from that at 400K. 
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Fig. 1. The PDFs of the cluster at 400K, 500K, 600K, 700K, 900K, and 1200K. 
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Fig. 2. The atom density profiles of the cluster at 400K, 500K, 600K, 700K, 900K, and 1200K. 
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Fig. 3. The atom packing in the four shells at 400K, 600K, 900K, and 1200K. 
Figure 2 shows the atom density profiles of the Au54Cu1 cluster upon heating. As shown in this figure, 
at 400K, the atom density profile of this cluster is composed of four shells corresponding to the intensity 
peaks, which is labeled as S1, S2, S3, and S4. The increased temperature results in the decreases of the 
peak heights as well as these broadened peaks compared to those at 400K owing to the more dramatic 
atom movements. With increasing the temperature further, some peaks become disappeared or are 
combined into one peak. At 700K, the density profile exhibits a feature that there exists broadened peaks 
and their heights are also decreased compared with those at low temperatures resulting from the dramatic 
thermal movements of the atoms at elevated temperature. Then, peaks of the atomic density profiles 
above 900K are lowered and broadened, suggesting that the atom packing is becoming disordered at these 
temperatures. 
Figure 3 presents the detailed atom packing of the Au54Cu1 cluster at 400K, 600K, 900K, and 1200K, 
where large grey balls represent Au atoms, and a small black ball represents the Cu atom. As seen in this 
figure, at 400K, this cluster is composed of four shells as labeled in Fig. 2, where there is one atom in the 
first shell, the atomic configurations in both of the second and fifth shells contain 12 atoms in two 
pentagonal bipyramids, the configuration in the third shell is constructed by 12 pentagons and 20 triangles. 
It should be noted that owing to the Cu atom in the fourth shell, the configuration of the Au atoms 
presents deformation from the perfect icosahedral geometry. As the temperature is increased to 600K, one 
Au atom in the second shell moves to outer part of this cluster, and the Cu atom moves from the fourth 
shell into the third shell. Correspondingly, the atom number in the fourth shell reaches 13, and there are 
28 Au atoms and one Cu atom in the third shell. It can be noted that the atom packing in the two shells 
has become disordered. The elevated temperature increases the atom movements. At 900K, while five Au 
atoms in the second shell move into the outer parts of this cluster, the Cu atom moves into the second 
shell. Meanwhile, the atom packing in the second shell becomes disordered. At this temperature, the atom 
211 Lin Zhang /  Procedia Engineering  36 ( 2012 )  207 – 211 
numbers in the third and fourth shells reach twenty-seven and twenty respectively, and atomic 
configurations in the three shells become disordered. Owing to the interchange of atom positions and the 
changes of atomic packing, the second peak in the PDF becomes disappeared as noted above. Then, with 
increasing temperature, it can be observed that the Au atom moves from the inner parts into the outer 
parts of this cluster. At 1200K, the center of this cluster becomes empty. 
4. Conclusions 
Molecular dynamics simulations are performed to model structural changes of one Au-Cu bimetallic 
cluster containing fifty-four Au atoms and one Cu atom with the icosahedral geometry upon heating. At 
elevated temperature, initially structural changes present the Cu atom movement from the outermost part 
into the sub-surface regions accompanying with the Au atom movements from the inner parts into the 
outer regions. Meanwhile, it presents the transformation of ordered packing into the disordered packing in 
the out parts. Then the atoms continuously interchange their positions with increasing the temperature 
resulting in the overall melting of the whole cluster. Accompanying with the atom movements with 
increasing the temperature, the volume expansion can be observed in its melting process. 
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